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.~s~ts of bcal-hti%fli& tests~f H-j Z-, a C’-sectMn
platpqmmihlies of four extrudedalminml alloysand two magnesltuu
alloyq,obtainedin an extensiveinvestl~atignto determineplate “
ccm~essi+e kmngths of E&crstt s*@nu=l =tirimJ are s~~zed~
On the’basis”of.the gaeral relqticuwhi.psfownd, betweenthe plate ..
ccmi~emive stmn@J.s.sad’the‘“ccuupremivestress-akaln cuitis~ ‘..
??ki~~.”a~licable to flat ~hitessnd basedwcm W use of W :
ccmmesslve stiess-straincurvewe suggestedfm dete~ @
cri.tioal”oanrpqssivestress

.. .

and * average

13i!ROIKCTIOIf

Ea the NACA investkaticm to dstermtne

stiessat m+imm lcds .

. .

the plati caugwesslve. .
str6ngths“ofa nmiberof-aircrsttstructuralqatGrlals(rifermces1
to 7) j lo~l--tdbillty tSStS were made” of flat p~te assmblies
ccmsist~ of extzudedsectionsand Bectionsobtainedby formingflat
sheet● A ccmelatlanbe%wem @ate buoldd.ng~ compressivestress-
straincurveswas obsemed, and an exxx3rlIMnW”relationshipwas
foundto exist ‘between the critZceJ.ccmprmsive~stress=@ fie av~*e
stressat IRZXKimmload..The resultsobtiinedforthe sheetma~ials
differednoticeablyfrom thosefor the =ImuiLedmaterialsapparemtl.y
beoaum of fomlmg and curvatureeffec~ .

,. .
The purpose of the present paper Is to summarizethe ess=t~

resultsobtainedfor &o platecqsstve strengthsof W ex*d
materials and to shw mthods by whichflat plate oqssive strengths
mw be detendned ingeneraltwinthe ociupresitve stress-strain curve
fcw thematerial.

MEmoDsoEmTINGm~rs

The meli.ds of testing m analysts kmployedIn
(references 3 to 7) are brief= reviewedherein.
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~t- me *% Wq3Silmive strengths were deteminod frm
tests of f~t plateassembliesocmelstingof H-, Z-, CO?C‘seakkms SO
prOpOrtiOnOa*t the plate elementsfailedby 100alinstability.
(See.fig. 1.) !lhe plateassmiblleswere made from specialH-m3ct@n
OXtrUSimM,and the cross-secthnalproportionswere varied by CUtthg

off parts. of the fhinges, The LengthsG+ the sectZcmswere chosm In
sucha waY thatthe testresult~were essentiallyIndependentof
lSD@j that $s, mfficient~ 1- so that the increasein r3trS@Jl
due to very shortlengthswas avoidedand at the?same timenot so Mmg
as to incurthe.possibility.of an Euler type of colmn failures The
lengthswere alsoselectedeo as to obtaina ccmvenlentthree-half-
wave‘bucklingpa%tezmwhia @vo a pmnmced cross-sectlmal dlstortiun
at themid-lengthpmition (seereference8 eti fig. L), emept that
h the high stressregim reducedle@hs were necessaryin,orderto
avoidEuler colmn failures. The experxtal orlt~cels~ess .wsk
takenas the stresecorreepon&@jto * orltlG4 I&d at the tap of

,, *6 knee of the’load Mstortkm curveas illustrated@ figure2,

(
Yor a Mscussixm of lnltial.mmvature eflects~a tie use of the
%op-of-the-lmeemethod,“ see reference9,] The hhortim was

measured by variousmeth@s, snd In the Mm tests,was recorded
autographical.Qtqether ?titithe load, The aver~e stressat mximm
lo&dwas”olrkGmedfrcm the mximm loadrecorded by the teddng maohine.
The c-essive stress ‘straincurms were obtainedfrm testsof
single‘thichneesspec$mmeicut frm the flaq3esand web at the mde
of the H-sectianextrusions;the testsweremade in a titfied foml
of Montgme~-Templti type of cxmqmessimfixture.(l’orteohnlquein
usingthis * of ftxtur9,see refe*oe 10,) “”

u

r

—

Oc~.- Because the tests
of the caqpressionspecimengout frm, the.wet)and flangesof the
extrusianeshowedthat the propertiesvqried‘bothover the cross
sectims (seefig. 3) end al% the lengths of the extrusions,the
exactdeterminafxhmof a mmprmslve stress-skraincurvefor correlation
with the plateccqreestve strepgthsof the sectim is Mfficult.
The methodusedh~elp fom obtaidng & representative.value of the
ccqpresslveyieldstmess Qcv for a crosssectioniEIbased on the
asswuptlon** the testreGiMe for tioy for Me _ and web

materialapply+30the en%$re width of ,those respective01ementsaizd’
.

thata represmtitivevalue:for a crossseotj.cm.Ganbe W W
calculatinga we3@htedaveragefrm the val.ueaof .acv for the flsmge .

tUK%the web, takingintoaocountthe’area of thesee&nents. w
compressivef3tress-stmln curms shownherqtiwere selecbedfrom the
teststo show the““uppkrand lowerlimitsof he oalcul.atedoverall ●

cross-seotlonalpropertiesfop the seottti whichhad buckltng
stressesabovethe elaet$o-e.

.

.

.
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~~ da~~ - 3k W presentationCZPthe test
data of ra~emnces 1 to.7, ‘the experimeukl Criti”ml.Ccatlpreesive
stresswas pbttt3ae@n6* the calmilatedelasticcriti~=lcmprwsive
stiess u@#q, ”as@.vep by the ewaticn : .

.,
.

,.

. . .1

El.eqyi~hl (;);“
-platep+oport@w
the thlchess and
C-se&hns (f3eefig. k‘~ormithcidof-@memi& time eX&ud&l
sectims), N. is Poiseczl‘sratto,“E is ybU@j SS mcdul.us, and n 3.s

a coefficientwhich is a measure of the reducedplatem@ulup @,
(Fore~sses “InWe blastlcraqe, q = %, whereasabovethe elketlc
riinge,q < 19).The purpQ6eof thismethodof -Iy3is W ‘toafford
E COW7S13i~t~ “hf.d13tt3~ SEIJ@?$G~ tb ‘far~thl Of ~ tit-h
stress~or use in‘evaluh%@ .ykke-buckllngstrengtk aboveW. .
slasticrangea . “ .-

hi the psent &erj”. the methd of &?esedthtim has been‘&di&fied
sl.lghtly.frm -@t in references1..tm~ dn tha* the”~rjmntal “, -
criticalccmpremive=tiws has been ploftedagsAnst.tip calculated
elasticcriticalccmpremive sti%in GCr whibh is derivkdfrcm

equaticm”{1] by divid& botb ~%es BF E &d se”ttQj-q = 1: Th&

..
.,= ..%#2~2. .: ‘,:..(2)

:-.!..

E --, .,.,
or

,.lz?.(1-+q& -“ .. “ : . .,...:....
,. . ... .. . . ..

.,.. . :“ . .

BY tihtS ZUSthodof‘~VSiS, it fs“@osStblito CfXTehte Pkti ‘bbc~

s+xess -strain wrve~. directly with fxnupressive &tres8-t3tYainci2rv0s.o
Values& I& nondbmetkmal ccof$iciontsumd in pktn o“qm.t~*
of the fozm gtven by equatiaze(1)smd (2)are tmmd h the Mterattig
for Individualplateswith Mffment ~ cbtith!ms ad ax%-available
in referenceU fi the form of chark for plateesmibliea suchas
E-, z-,c-=andrectangular-t~esections’;It shouldbe “emihkelz&l

-‘thittthe’ ti3St rSStitS& f~ pbtSS hIW@f Um@-width I??&iti -
cuffic@ntly lar~e“so.that

b essentially’independentQf

to tlliqcla&Klof platim,

.?.?, .

the experimentalvi3ktxI. of. acr *O .

length;valws Bof ~ . . in:refereme‘U.
. . . . ..... “. .“
...

.-. ., . ...”.’..,

,,
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RISULTSMU) CONOLUSIOl@ .

‘Jb em=-ntd results fur the oritioalmxqmessiwe stress
a and the averagestressat max@um ,load,~= fcm the &, Z-,

a% @section plateassemblies(references.3 to 7) are givenin
ftgures 5 to 8 togetherwith unpub~shed-datgon extrudedZK60A
magnesium alloy. (Becmse the data were too numrcas to reproduce - _
clearly,many of the test points?Mmgbeen omitted,) The mrrelation
with the cmmressive stress-strainourveqfm the materialis shuwn

.,

in figures5 and 6 by plotthg ~he testrepults”againstthe calculated
elasticoritioal.ccmniremivestrain “The relationshipbetween

— %“ !
am, 3-, and the ccmmrees$veyieldbtrese”IYcy
dimensional?orm in figures7 @l 8.

Nor the l%ec+ions (fig.~], the test~esults
the elasticrangetendto fall fairlyc~oseto the
straincurveswith the exceptionsof 75%T, ihEkT,

is shownin non-

for ucr above

lowerolimltstmm+
and 24SUTaluminum

alloys, For-~T, the re~ts are onlya-little-belawthe lower
MmIt mums, but fm 14S-T,appreciably10WW. The testresults

*

fm 14!+TdifferedmarkeIQYfram thosefcm the othermaterialsin
that separatecurvesfor E-sectionsand for Z--and&3eotlons were
not obtained. The reason-forthis dlfferenoeis not lmown,but may .-
be due to the nonuniformityof the materi4, (SeeaiS~u09i~$refm+
ence 6.) 11’cm21&II, however, the resultsfar the &sections appear
to be oloseto an awprageof the upperand 1- .lmt. mes ● “.

FaP the !& and (J=EW@ions (fig.6), t% results far aor abme

the +LaM?dorange generally teti to be somewhatliner than thosefor
the mrrespondingI&eotims (fig.5) end fall slightlybelowthe
lower limlt stress-straincurveswith the exceptionof 2ks-Tfar whioh

—

the resultsaxe closeto or slightlyabovetbe luwer13mLtourve.
This resultmay be due~ to mm edent, to the inadequacyof the —
mthod ussd for oalculatlngthe ccqyrsssfve.~oparties app130ableto
the entireorosssectionupon which-theselectibnof stres~strain
cmmes in figures 5 and 6 was.based. (see secticm entitled “kql.ysis

.

of ccmpreasive ~operties of the material.”)
--

k figures ,7 and 8$ the results. of all the tests fcm the E-sectjons
and for the Z= and Gseotiti, respedtivel.y,are givenin nondimensional

m

formby singlecurvesrelating acr @ 3= in termsof c .
.

For a gfvencriticalcommessive stress,the ourvefm the & %
.-

&seotions (fig.8) differsslightlyfrom that ror the E-sections ‘‘
(fig.?) and lndlcate.sthat ~= is sl@htlg greaterfcw an E-section

—

than far a !+ m (%seotion. TMs differencein d= fcm &sections
—
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ant$for Z- end C-seotions mrremmds iscmmihat to the difformco
found m

part from
valueof

preceding

indioated

for tiesosame sc&kns and also ~obably stemsInaor
* inadequacyof * methodused for detcminhg the .

aq thatappllesto-the entirecrosssectim,(See .

P=WK=@ wfm ?=gmd to Uoro) A slgqifIoantresult
in figures7 @ 8 IS’that,for Stressesaboveabout.

G onlya ltttle greaterthan LTor, but for stresms*CW ylk

stressre@n bat differappreciab~ in

; RIcunfigures Y to 8$ the fo~ng
with regardto the criticalccmpreesive
stressat mlnum load for extrudedH-,
assom~.lies:

* kwstiess reg~cm.

cacluslons may ‘bedrswn
stressand the average
z“, and C-sectian p~te

(1) Because@ the generalagreementbetweenthe mnprebslve.
s~ess -strainourms sad the testresultsfar acr whm piotted

against.cakulato~ values of c=, the reducedmodulusof elasticity

#’& platehuckllngmqy he approximatedby the secantmodulus.(The
pse of tie secant modulw has prevlous4 ~een s~ested In
reference 12. ) Cansequautily$ the oritical corqresszve stress may be
determined for practical ~urposep either directly from the ccuupressive
s@mss ‘strati curve for the material., given the calmzMted value of
G&, or by the secant-modulus method in wh$ch ESeo ts S@stituted

for the reduced modulus 1#1 in the plate-lnzcklingoquatlm

(3)

The resultsobtalneaby thp for~olng methodst&d to be muewhat
uucmsematlve in most casesunlessa lowerllmitcaqcmslve stress-
Btmin curveis used for the iietem@Mm. The resultsdbtdmed.
for Z- sad C-sectionswUJ ~obably be less accuratema Emewhat
more unconeervativethan thosefor H-secttms~

. .,,,
d
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f3qperl&memore olosely& eai’averageof tie wer +a “lowerlhit
stress-’straincurvesfor We materialthan &o valuesof cror,

(S+ZJO$Igs.~ M@ 6.) Fca?thisreaacm,tie seetitmoduks method
can alsobe appliedto the approximatedetem.inationof 3= in

thish@ stressre@on w3tlJresultswhioh tend to be emymhet nm?e
accurateand conservativethanfor the slnd.lard.eteminationof
d~; &icularly if a Wwer Mmlt streSs-stminourveis used.

,..

.“

.-

.,

(4)

(3] For st~esses Iesu b &cy, the relatkmships fdbwn In

figuges7 and 8 between 5A, u=, ma ticymaybe uses b

determine 6=. These reZ&Wmshlpa, which are nearlythe mm.efor

the Z- end C‘sectionsas for tie H-sectimm, em for 6& !S.&Cys
..

For H-secticms,.,

!’ CGt? “ /4

(Y

u
= o.7fj Cr

aOy
&. (5)

For Z- and C-sectlmsj.

‘cr ~r 5/4
= 0,72

‘c)
--

=Cy %aX

..

(6)

For H-seotions,

““ (7)

For Z- and C-sectlaas,

(8)

“

w
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The foregoz omolustcms applyspeoifioallyto It-,Z-, end
C-secticm plateasmiblles. ~ results,however,q be gener-
alizedsomewhata8 follaws: Ih view of * generalrelationship
foundletween& critloal mmpresstve stzress fm the E-, Z-, and-
C-sectionplateasm@lies and tie oomprewxtvestress-stratimrve
fcm the dlff’erentmatertals,It seemsreasonable to e~ct about .

. the samerelattmshipfcm othertypesbf plateaesemb$lessuoh 8s
Sldn*stiffenerccmibhatims. EvMence tit this sqppositlonis
==tea IS *f_ bY S- ~pubmhea ** m z-8tiiffm~ Gm-
pressim -M. Zn general,-t&eIndicatlms are that the maucea
modulusis probably a Mttle lower Wan the secant moW1.uB obtained
f%cm an averag~ stress-strata oume ftw the material. Wlti regard
to 5=, avallablajmfomattan m Z-stmaa paneleIndioatesa

mrrel.atkn”with the stress-stwatn&rv6 similar%0 that fomd for
E-, z-, and C-deotionsfor stmeseesabovi ~acy, I?’orstiesses

~el~ ~~w> however,.relationsobtid for cm fm H-$ Z-, and
.

C_sectlms apparently”oannotbe exp&tea to a@y to radi.oally
different types of plate asmmblles.

‘. .

-Y M-X1 AercqmWal Iabmatmy ’ :
IiatimalAavi.saryComittee for Aeronautics

wey, Eield,VP.) July 22, 1947~...
‘,
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Figure l.- Local instabfli~for an H-sectionunder test.
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Critical

load

/

NATIONAL AOVISORY

00MMITTEE FOR AERONAUTICS

Load

.

Distortion

Figure 2. — Illustrative load-distortion curve.
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24S-T

NATwnAl AovlmRY

~ FOR ACWMAUI?OO

Figure 3.- Variction of the compressive yield stress in WI over a .
&gle H- cross section for four extruded aluminum alloys+
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I-b’-l

Figure 4. — Method

extruded H-$ Z-,\

T

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

of dimensioning

and C-sections.
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Figure 6.- OoneMkM d platecwqxesslvetestresdlsW exiruded Z-and C-sections of various okmirum ad
magndum alloys. (Calculated elastic aritlcal Cmpseiw stdn used for@ate lests)
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Figure Z — Experimental relationship between the critical campress”w

stress aa , the avemge stress at maximum load ~, and the

compressive yield stress ~q for extruded H-section plate assemblies

of various aluminum and magnesium alloys.



NACA TN NO. 1480 19

Yr
DP

D?

r-”
Lo

O 75 S-T 0
❑ R303-T

0 14S-T

D 24S-T
.0 0

0 O-IHTA C?&

“o .2 .4 .6 .0 1.0
b ccr+

Cmax
NATIONAL AOVISORY

COMMITTEE FOR AERONALJTIOS

Figure 8.– Experimental relationship between the critical compressive

strsss CZ&, the avemge stress at maximum load &~, and the

compressive yield stress aq far extruded Z- and C-section plate

assemblies of various aluminum and magnesium allays.


